The paper presents a catalog of supermassive black holes (SMBH) shapened for the interferometric observations in millimeter and submillimeter wavelength ranges and based on the open sources. The catalog includes the name of the object, coordinates, angular distance, the mass, the angular size of the gravitational radius of SMBH, the integral flux of radiosource, related with SMBH, in the range 20 ÷ 900 GHz which is considered to be used in Event Horizon Telescope, future space mission Millimetron and others.
In 1935 A. Einstein and N. Rosen considered a structure that was the union of two black holes "sewed together" exactly at the gravitational radius (Einstein-Rosen bridge). The purpose of the creation of this construction was to avoid the problem of singularity, i.e. the appearance of the configurations with infinite curvature. Later, the family of black holes acquired the "relatives": white holes ([5]), wormholes ([6] ) and black-and-white holes (see [7] , [8] ).
The aim of this paper is not to investigate what is hidden beneath the horizon of black holes, but to present for interferometric observations a compiled catalog of known black holes located in the central regions of galaxies. The reason to accent the attention on supermassive black holes (with a mass M ≥ 10 4 M ) is that they are the most convenient objects for observations because their angular size is greater than the one for the stellar mass black holes.
It seems there are four ways to create a black hole. In the first case black hole may be born at a final stage of a massive star evolution. Such a star can belong to any generation of stars.
Also, black hole can appear as a result of gas instability that result is direct collapse. The third way is related with star-dynamical processes in star clusters. More details concerning these three ways can found in [9] . Finally, black hole may appear in result of collapse of an overdensity region. In this case we deal with primordial black hole (PBH).
It is widely known that the black hole emits nothing to surrounding space except the Hawking radiation, that has the quantum nature. So, it is desirable to make clear the sense of the expression "the black hole observations". Throughout the decades, this meant the radiation of matter in the gravitational field of a black hole. More specifically, this meant the radiation generated inside or near the jet and/or accretion disk. At present time the "black hole observation" includes also the investigation of a black hole shadow or silhouette.
The form of a black hole shadow is determined by several parameters. Two of them refer to a black hole. In the frameworks of GR they are the mass of a black hole and its momentum. The others describe the source of the photons emission. If it is the accretion disk the important parameters are the dependence of the emission on the radial coordinate and the angle between the normal to the disk plane and the view line of a distant observer.
Nevertheless, for a wide range of the parameters the shadow can be considered as a circle and its diameter is approximated by the expression (see [10] , [11] ):
where r g is the gravitational radius (here r Despite the absence of published observations of black hole shadows, they are already planned to be used for testing of the General Relativity in strong gravitational fields (see, for example [12] ). The theorem on the "absence of hair" will be apparently the key point in the verification of General Relativity. The experts associate the special hopes with observations in millimeter and submillimeter bands ([10, 13] ). The observations in the submillimeter 4 range have the privilege because the influence of the scattering processes in interstellar and intergalactic medium decreases with increasing the frequency, see [14] . This is extremely important for the image reconstruction procedure in the interferometric observations.
II. CATALOG STRUCTURE
By now there are several SMBH catalogs. The main ones are (in order of publication): [15] , [16] , [17] and [18] .
The content and format of the catalogs were determined by the tasks and requirements of researchers. The original purpose of creating our catalog was to select the SMBH, the shadows of which could be resolved by space observatory Millimetron. This imposes the restrictions not only on the angular size of SMBH, but also on their celestial coordinates and fluxes in the frequency channels of Millimetron. The table with 20 best candidates for observations presented in [19] .
It is planned that the Millimeterron Observatory will operate in wide frequency bands centered at 22, 43, 100, 240 and 350 GHz and, optionally, at 600 and 800 GHz ( [20] ). As we work with the published data, it turned out that for a large number of SMBHs the total emission fluxes in these bands are unknown. For some sources, the nearest measured points are spaced by several orders of magnitude in frequency. For this reason, and also because of a possible change of the Millimetron orbit, we decided that it is necessary to compile as complete catalog of SMBH as possible.
At present, the observations of black hole shadows are also planned for other telescopes.
The most promising project is the Event Horizon Telescope (EHT) 2 , which is the array of several observatories operating in the interferometer mode. Due to the larger area of the receiving antennas, the sensitivity of such an interferometer is better than that of the Millimetron, but its angular resolution is fundamentally limited by the Earth diameter.
Given this limitation, the list of shadows available for the observation consists of only a few objects. First of all, it is a black hole in the center of the Galaxy, known as the source of Sgr A * and the active nucleus of M87 galaxy. The expected angular sizes of these shadows differ by a factor of two; they are approximately 50 and 20 microseconds arc.
5
The proposed catalog of SMBH includes 353 objects. This is much more than the preliminary list of 20 sources mentioned above. This is due to both the small angular size of most of the known SMBH, and the absence of any information on flows from these objects in the submillimeter range.
The catalog is available in website: http://millimetron.ru/index.php/en/scientificprogram/the-catalog-of-supermassive-black-holes. It is organized as follows.
A. Source name
The first column shows the source name. Sometimes the object has one or more synonyms, which are also presented. This can help find the object in the astronomical databases. As one can see from the names of the SMBH, some of them are the nuclei of nearby galaxies and some are active galactic nuclei (QSOs and Seyfert galaxies).
B. SMBH mass
The second column shows the mass of the black hole in the units of 10 8 M . We call this quantity as a "mass parameter".
As it follows from the table, the range of object masses is rather large. The most massive single SMBH has the mass parameter of more than 100, while the lower mass boundary of the SMBH, by definition, is not less than 10 −4 . For a number of black holes, there are several measurements of mass, which differ by a factor of 5. The statistical error differs from object to object and for the majority of SMBH is about 30%. For individual objects the uncertainty of the mass measurement could reach a few order of magnitude. For 15% of the SMBHs, only the upper estimation of the mass is available.
Today there are several ways to determine the black hole mass: the dynamics of stars, gas dynamics, masers, reverberation method ( [11] ) and a number of statistical methods.
Another method was proposed in [11] , in terms of the angular size of the black hole shadow.
For obvious reason this method has never been used yet.
The histogram in Fig. 1 represents the distribution of SMBH mass. The normalized number of SMBHs is shown here as a function of a "mass parameter". 
C. Distance to the object
The third column of the catalog shows the distance to the object, expressed in megaparsecs.
As it is known a few types of distance are used in cosmology. They are: the metric distance, the distance based on luminosity, the same based on the angular scale and the distance based on the redshift of the object. In SMBH catalogs the type of the distance representation is not usually indicated, but the metric distance is traditionally used.
Our catalog is intended to the observation of the black hole shadows. So, we prefer the angular distance because it is the one which we use to evaluate the angular scale of the 
D. Angular size of SMBH
The fourth column indicates the angle at which the gravitational radius of the black hole should be observed, expressed in arc microseconds. We emphasize that this is the gravitational radius in the context of expression (1) and the angular size of the shadow is about 10 times larger. Fig. 3 shows the percentage of SMBH as function of its angular size of gravitational radius.
E. Object coordinates
In the fifth and sixth columns, the coordinates of the SMBHs are given in the equatorial coordinate system for the J2000 epoch. For most sources we limited the accuracy of coordi- nates to one second arc. This is more than enough to determine the projection of the base when planning the interferometric observations of the shadows.
F. Frequency
The seventh column shows the central frequencies of the channels (expressed in gigahertz)
in which the SMBHs were observed. Since our catalog is "sharpened" for the interferometric observations of shadows in the millimeter and submillimeter ranges, where no significant self-absorption of the radiation is expected, we tried to work at the frequency range of 22 − 800 GHz. However, for some sources, there were few observation points, in this case we cataloged the data with near frequencies. For example, the source PG 0052+251 has not currently observational data within the interval 22 − 800 GHz, so we provide data for the near frequencies, 9 and 1764 GHz. 
H. Comment
The last column of the table contains the reference to the source catalog (catalogs) and/or to the published article.
III. SUBCATALOGS
Two more subcatalogs for future interferometric observations presented in Tables I and   II . The first of them (Table I) summarizes the top 25 black holes ordered descending by their mass parameter. One more selection presented in Table II , where summarized the top 25 SMBHs with highest angular size. Some objects (NGC 4889, NGC 1600) are included in both subcatalogs.
IV. CONCLUSION
As it follows from the available data, the observation of any representative image of a black hole shadow is a very difficult task: on the one hand it is necessary that the source appears bright enough at the frequency of the intended observations, on the other hand, its angular scale should be several times greater than the angular resolution of the interferometer at the same frequency.
In this situation, it is encouraging that for a large number of sources the fluxes in the submillimeter range remain unknown yet and some of them may appear bright enough.
The catalog of supermassive black holes, which we present here is intended for use in the planning of the interferometric observations of SMDM shadows in the submillimeter and millimeter ranges. It is available in website of As- [3] A. Levin Black holes: view from XVIII century trv-science.ru/2016/02/23/chernye-dyry-izxviii-stoletiya (in Russian).
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